Introduction {#Sec1}
============

The production of W gauge bosons in hadronic collisions is a process which is sensitive to practically all aspects of Standard Model, from electro-weak couplings to QCD dynamics and the non-perturbative parton content of the hadrons \[[@CR1]\]. One of the most precisely measured observables at hadron colliders is the rapidity (*y*) dependence of the lepton charge asymmetry, $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} {\mathcal C}_\ell (y) \equiv \frac{\mathrm{d}\sigma ^{\ell ^+}/\mathrm{d}y-\mathrm{d}\sigma ^{\ell ^-}/\mathrm{d}y}{\mathrm{d}\sigma ^{\ell ^+}/\mathrm{d}y+\mathrm{d}\sigma ^{\ell ^-}/\mathrm{d}y}, \end{aligned}$$\end{document}$$where the charged lepton ($\documentclass[12pt]{minimal}
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                \begin{document}$$\ell = e, \mu $$\end{document}$) originates from the leptonic decay of the W boson. This observable is a useful probe of proton parton distribution functions (PDFs), in particular, to disentangle the flavour dependence \[[@CR2]--[@CR4]\] which is not well constrained by the deep inelastic scattering.[1](#Fn1){ref-type="fn"} Today, the charge asymmetry has been studied in detail by the CDF \[[@CR5], [@CR6]\] and D0 \[[@CR7]--[@CR10]\] experiments in p--$\documentclass[12pt]{minimal}
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                \begin{document}$$\bar{\mathrm{p}}$$\end{document}$ collisions at the Tevatron as well as the ATLAS \[[@CR11], [@CR12]\], CMS \[[@CR13], [@CR14]\], and LHCb \[[@CR15], [@CR16]\] experiments in p--p collisions at the LHC. While the broad features of the experimental data are well captured by fixed-order perturbative QCD calculations \[[@CR17], [@CR18]\], the simultaneous reproduction of the D0 data in bins of different kinematic cuts is known to pose difficulties \[[@CR19]--[@CR22]\].

The first measurements of W production in p--Pb collisions have recently appeared \[[@CR23]--[@CR25]\] and various observables seem to favour the use of EPS09 nuclear PDFs (nPDFs) \[[@CR26]\] instead of a naive superposition of free nucleon PDFs (similar conclusion can be expected in the case of other sets of nPDFs \[[@CR27]--[@CR29]\]). In addition, these measurements may also help to probe, for the first time, the flavour dependence of nuclear modifications in quark densities \[[@CR23]\]. The production of W bosons in heavy-ion collisions is also of paramount importance. Measurements by ATLAS \[[@CR30]\] and CMS \[[@CR31]\] in Pb--Pb collisions have revealed that the production rate approximately scales with the number of binary nucleon-nucleon collisions. This is in sharp contrast to hadronic observables (high-transverse momentum hadrons \[[@CR32]--[@CR34]\] and jets \[[@CR35]--[@CR37]\]) which are strongly suppressed as compared to p--p collisions. Thus, the leptons from W decays are valuable "messengers" from the initial state of heavy-ion collisions and could also be used to constrain the nPDFs \[[@CR38]--[@CR40]\].

In this paper, our main focus is on the centre-of-mass energy ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{d}\sigma ^{\ell ^\pm }/\mathrm{d}y$$\end{document}$ in hadronic collisions and the consequent scaling properties of the lepton charge asymmetry. First, in Sect. [2](#Sec2){ref-type="sec"}, we show how the scaling laws for absolute cross sections and charge asymmetries emerge from the relatively simple leading-order expressions. In Sect. [3](#Sec5){ref-type="sec"} we then contrast these expectations against next-to-leading order (NLO) computations. Section [4](#Sec6){ref-type="sec"} presents comparisons with the existing world data from LHC and Tevatron experiments as well as demonstrates how PDF uncertainties in some ratios of W cross sections can be suppressed by carefully choosing the rapidity binning. Finally, we summarise our main findings in Sect. [5](#Sec9){ref-type="sec"}.

Derivation of the scaling properties {#Sec2}
====================================

Absolute cross sections {#Sec3}
-----------------------

We consider the inclusive production of W bosons in high-energy collisions of two hadrons, $\documentclass[12pt]{minimal}
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Charge asymmetries {#Sec4}
------------------
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Another, and also a bit surprising feature of the charge asymmetry is that at sufficiently large \|*y*\| it effectively depends only on the nucleon that is probed at large *x*. This follows from the facts that when \|*y*\| is sufficiently large, either $\documentclass[12pt]{minimal}
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Scaling vs. NLO calculation {#Sec5}
===========================

Most of our plots in the rest of the paper will use the scaling variables $\documentclass[12pt]{minimal}
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Data and predictions {#Sec6}
====================

Comparison with existing data {#Sec7}
-----------------------------
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The currently most accurate experimental measurements for inclusive W production from Tevatron and LHC experiments are summarised in Table [1](#Tab1){ref-type="table"}. A direct comparison of various measurements is complicated by the kinematic cuts for lepton $\documentclass[12pt]{minimal}
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The data for lepton charge asymmetries $\documentclass[12pt]{minimal}
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We can also compress all the data into a single plot. This is done by choosing a certain reference centre-of-mass energy $\documentclass[12pt]{minimal}
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Cross-section ratios {#Sec8}
--------------------
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Summary {#Sec9}
=======

We have discussed the scaling properties of inclusive charged leptons from decays of W bosons created in hadronic collisions. Based on the leading-order estimate, we have found that the $\documentclass[12pt]{minimal}
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While these scaling laws by no means serve as a replacement for accurate (NLO and beyond) calculations, the possibility of a direct comparison of various data should be useful in e.g. checking the mutual compatibility since by fixing $\documentclass[12pt]{minimal}
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Unless a deuterium target, complicated by possible nuclear corrections, is used.
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An even better precision could be attained by considering the ratios of *total* cross sections \[[@CR62]\], which, however, are more difficult to measure for the finite acceptance of the experimental apparatuses.
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